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TITLE OF THE INVENTION 
ILLUMINATION APPARATUS AND IMAGE PROJECTION APPARATUS 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications NO. 2002-305962, tiled October 21, 2002; 
and NO. 2003-177117, filed June 20, 2003, the entire 
contents of both of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
1, Field of the Invention 

The present invention relates to an illumination 
apparatus in which the light-condensing performance 
thereof is high and which is high- intensity and 
compact, and to an image projection apparatus using 
such an illumination apparatus. 

2. Description of the Related Art 

conventionally, as a light-condensing illumination 
apparatus efficiently illuminating a specific place, 
for example, a vehicle headlamp, a floodlight, a 
spotlight, a flashlight, an illumination unit for 
a data projector, and the like have been known. In the 
light-condensing illumination apparatus, generally, 
an attempt is made to effectively carry out condensing 
illumination by a relatively simple method in which 
a light-emitting source which is relatively more 
similar to a point light source is reflected by 
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a reflecting unit in which the reflecting shape thereof 
is contrived, and the directivity of luminous flux of 
the reflected light is improved by an optical lens or 
the like. 

5 In the same way as in the general illumination, in 

these light-condensing illumination apparatuses as 
well, the demand that a size of the apparatus itself is 
not especially made large, and the light-condensing 
performance is improved, and an attempt is made to 

10 obtain even brighter illumination light is high. 

However, generally, there is the trend that the size of 
the light-condensing illumination apparatus is made 
large in order to obtain the even brighter illumination 
light. In particular, output power is enhanced due to 

15 applied electric power of a light-emitting source being 

made large, or a reflecting unit or an optical lens 
which is relatively enlarged is applied to the 
light-emitting source in order to improve the light- 
condensing performance thereof. Accordingly, in order 

20 to obtain brightness at a high light-condensing 

efficiency, the size of the illumination apparatus must 
be necessarily larger with respect to the light- 
emitting source. In other words, provided that there 
is a compact light-emitting source which outputs high 

25 power and which is similar to a point light source, 

the entire illumination apparatus can be made compact. 
In accordance with such a demand, making a conventional 



system llght-eialtting source compact has been 
developed, and in particular, an electric-discharging 
type compact light-emitting source which can output 
high power Is presently advantageous means. However, 
there are a large number of problems such that even a 
compact electrlc-dlscharglng type light-emitting source 
requires to be driven by a high voltage power supply m 
which It is difficult to make the circuit dimensions 
small, or the like, for making an entire illumination 
apparatus compact, and it is said that the method in 
which an entire Illumination apparatus Is made compact 
substantially realize limit. 

on the other hand, as the next-generation compact 
light-emitting source, a light emitting diode 
(hereinafter, referred to as LED) has been recently 
markedly focused on. Up to the present, although the 
LED has merits such as a compactness, high resistance, 
a long life, or the like, the major applications are 
for using as a indicator illumination for various 
meters and a confirming lamp In a control state due to 
the limitations of the light-emitting efficiency and 
the light-emitting output. However, in recent years, 
the light-emitting efficiency has been being rapidly 
improved, and it has been said that the light-emitting 
efficiency of the LED exceeds the light-emitting 
efficiency of an electric-discharging type high- 
pressure mercury lamp and a fluorescent lamp which have 



been conventionally considered as the highest 
efficiency, is only a question of time. In accordance 
with an appearance of the high-efficiency and high- 
intensity LED, a high power light-emitting source by 
the LED has been rapidly close to be realized. 
Further, the application of the LED has been 
accelerated by the fact that the stage of practical use 
for the blue LED in addition to the conventional red 
and green LEDs is recently achieved. In reality, due 
to the plurality of high-efficiency and high-intensity 
LEDS being used, putting the LEDs to practical use for 
traffic lights, an outdoor type large full color 
display, various lamps of an automobile, a back light 
of liquid-crystal display of a cellular phone, has been 
started. 

As a promising compact light-emitting source of an 
illumination apparatus for which light-condensing 
performance is required as well, it is considered that 
the high-efficiency and high-intensity LED is applied. 
The LED originally has characteristics superior than 
the other light-emitting sources in the points of a 
life, durability, a lighting speed, simplicity of a 
lighting driving circuit. In particular, the 
applicable range as a full color image display 
apparatus is enlarged due to three primary colors being 
completed as a light-emitting source emitting light by 
itself due to blue color being added. As a typical 
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example of the illumination apparatus for which light- 
condensing performance is required, for example, there 
is a projector display apparatus (image projection 
apparatus) in which a display image is formed from 
image data, and the display image is projected. In a 
conventional image projector apparatus, desired primary 
colors are separated from a white system light-emitting 
source by a color filter or the like, and space light 
modulation is applied to image data corresponding to 
each color, and color image display has been able to 
be realized due to the image data being three- 
dimensionally and temporally synthesized. When the 
white system light-emitting source is used, because 
only one desired color is separated and used, there are 
a large number of cases in which colors other than the 
separated color are wastefully thrown away. In this 
point, because the LED emits the desired light itself, 
it is possible to emit a required quantity of light as 
needed, and it is possible to efficiently utilize the 
light of the light-emitting source without light being 
wasted as compared with the case of the conventional 
white system light-emitting source. 

Focusing on such superior applicable conditions of 
the LED, examples in which the LED is applied to 
an illumination apparatus for an image projection 
apparatus are disclosed in, for example, Jpn. 
Pat. Appln. KOKAI Publication No. 11-32278, 
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USP No. 6,227,669B1, USP No. 6,318,863, or the like. 
In the technique disclosed in these publications, a 
certain quantity of light is insured by structuring a 
plurality of LEDs, and some of luminous flux from the 
5 individual light-emitting sources are condensed by an 

optical element such as an optical lens or the like, 
and the luminous flux is controlled so as to be 
successfully within an incident angle allowed by a 
light-modulating element irradiating the light. In an 
10 optical modulating element such as a liquid crystal 

device which is generally and broadly used, because an 
incident angle allowed as illumination light is 
extremely small, it is considered as an ideal, not only 
to have mere light^condensing performance, but also to 
15 form a luminous flux having a higher parallelism and 

irradiate the luminous flux. This is markedly 
important point from the standpoint in which efficiency 
for light utilization in an optical modulating element 
is improved. 

20 As such light-condensing means for guiding the 

outgoing light from the LED to a predetermined 
direction, for example, a specific shaped prism is 
proposed in USP No. 4,767,172. 

BRIEF SUMMARY OF THE INVENTION 

25 According to a first aspect of the present 

invention, there is provided an illumination apparatus 
illuminating an objective illumination region. 
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comprising : 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 
are disposed so as to be set in array on the 
circumference ; 

at least one optical member configured to guide 
the diffused light to the objective illumination 
region; 

a movable section configured to drive the optical 
member so as to be rotatable around the center of the 
circumference serving as a rotation center; and 

a lighting control section configured to control a 
light-emitting timing of the plurality of illuminants, 
wherein 

the movable section and the lighting control 
section operate together such that the quantity of 
light per unit time of the diffused light guided to the 
objective illumination region is within a predetermined 
range - 

According to a second aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising : 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 



are disposed so as to be set in array on the 
circumference; 

at least one optical member configured to guide 
the diffused light to the objective illumination 
region; 

a movable section configured to drive the 
plurality of optical member so as to be rotatable 
around the center of the circumference serving as a 
rotation center; and 

a lighting control section configured to control a 
light-emitting timing of the plurality of illuminants, 
wherein 

the movable section and the lighting control 
section operate together such that an area of the 
light-emitting surface emitting the diffused light for 
the light guided to the illumination region is within a 
predetermined range in variations in time. 

According to a third aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising : 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 
are disposed so as to be set in array on the 
circumference; 

a plurality of optical member which each have 
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incident end surfaces and outgoing end surfaces, and 
which are configured to radiate the diffused light 
incident from the incident end surfaces and guide the 
diffused light to the objective illumination region; 

a movable section configured to drive the optical 
member so as to be rotatable around the center of the 
circumference serving as a rotation center; and 

a lighting control section configured to control a 
light-emitting timing of the plurality of illuminants, 
wherein 

the respective outgoing end surfaces of the 
plurality of optical member are in rotation symmetrical 
relationship with respect to the center of the 
circumference . 

According to a fourth aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illumination apparatus configured to illuminate 
an objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having light- 
emitting surfaces radiating diffused light; 

an illuminant substrate in which the 
illuminants are disposed so as to be set in array on 
the circumference; 

at least one optical member configured to 
guide the diffused light to the objective illumination 



region; 

a movable section configured to drive the 
optical member so as to be rotatable around the center 
of the circumference serving as a rotation center; and 

a lighting control section configured to 
control a light-emitting timing of the plurality of 
illuminants, wherein 

the movable section and the lighting control 
section operate together such that the quantity of 
light per unit time of the diffused light guided to the 
objective illumination region is within a predetermined 
range ; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
a projection lens configured to project an image 
formed at the display device on a screen - 

According to a fifth aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illumination apparatus configured to illuminate 
an objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having light- 
emitting surfaces radiating diffused light; 

an illuminant substrate in which the 
illuminants are disposed so as to be set in array on 
the circumference; 



at least one optical member configured to 
guide the diffused light to the objective illumination 
region; 

a movable section configured to drive the 
plurality of optical member so as to be rotatable 
around the center of the circumference serving as a 
rotation center; and 

a lighting control section configured to 
control a light-emitting timing of the plurality of 
illuminants, wherein 

the movable section and the lighting control 
section operate together such that an area of the 
light-emitting surface emitting the diffused light for 
the light guided to the illumination region is within a 
predetermined range in variations in time; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
a projection lens configured to project an image 
formed at the display device on a screen. 

According to a sixth aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illumination apparatus configured to illuminate 
an objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having light- 
emitting surfaces radiating diffused light; 
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on 



an illuminant substrate in which the 
illuminants are disposed so as to be set in array 
the circumference; 

a plurality of optical member which each have 
incident end surfaces and outgoing end surfaces, and 
which are configured to radiate the diffused light 
incident from the incident end surfaces and guide the 
diffused light to the objective illumination region; 

a movable section configured to drive the 
optical member so as to be rotatable around the center 
of the circumference serving as a rotation center; and 

a lighting control section configured to 
control a light-emitting timing of the plurality of 
illuminants, wherein 

the respective outgoing end surfaces of the 
plurality of optical member are in rotation symmetrical 
relationship with respect to the center of the 
circumference ; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
a projection lens configured to project an image 
formed at the display device on a screen. 

According to a seventh aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising: 

a plurality of illuminants having light-emitting 



surfaces radiating diffused light; and 

a plurality light guiding prisms disposed in the 
vicinity of the illuminant in the positional 
relationship so as to be point symmetrical with respect 
to the center of the illuminant, wherein 
the light guiding prism includes: 

an incident surface configured to make the 
outgoing light from the illximinant be incident; 

a reflecting surface configured to reflect 
the light incident from the incident surface and 
guiding the light in the prism to a predetermined 
direction; and 

an outgoing surface configured to radiate the 
light guided at the reflecting surface. 

According to an eighth aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising: 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 
are disposed so as to be set in array on the 
circumference ; 

at least one optical means for guiding the 
diffused light to the objective illumination region; 

movable means for driving the optical means so as 
to be rotatable around the center of the circumference 
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serving as a rotation center; and 

lighting control means for controlling a light- 
emitting timing of the plurality of illuminants, 
wherein 

the movable means and the lighting control means 
operate together such that the quantity of light per 
unit time of the diffused light guided to the objective 
illumination region is within a predetermined range. 

According to a ninth aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising : 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 
are disposed so as to be set in array on the 
circumference; 

at least one optical means for guiding the 
diffused light to the objective illumination region; 

movable means for driving the plurality of optical 
means so as to be rotatable around the center of the 
circiamference serving as a rotation center; and 

lighting control means for controlling a light- 
emitting timing of the plurality of illuminants, 
wherein 

the movable means and the lighting control 
means operate together such that an area of the 



light-emitting surface emitting the diffused light for 
the light guided to the illumination region is within 
a predetermined range in variations in time. 

According to a tenth aspect of the present 
invention, there is provided an illumination apparatus 
illuminating an objective illumination region, 
comprising: 

a plurality of illuminants having light-emitting 
surfaces radiating diffused light; 

an illuminant substrate in which the illuminants 
are disposed so as to be set in array on the 
circumference ; 

a plurality of optical means which each have 
incident end surfaces and outgoing end surfaces, and 
which are for radiating the diffused light incident 
from the incident end surfaces and guiding the diffused 
light to the objective illumination region; 

movable means for driving the optical means so as 
to be rotatable around the center of the circximf erence 
serving as a rotation center; and 

lighting control means for controlling 
a light-emitting timing of the plurality of 
illuminants, wherein 

the respective outgoing end surfaces of the 
plurality of optical means are in rotation symmetrical 
relationship with respect to the center of the 
circumference . 



According to an eleventh aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illiomination apparatus for illuminating an 
objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having 
light-emitting surfaces radiating diffused light; 

an illuminant substrate in which the 
illuminants are disposed so as to be set in array on 
the circumference; 

at least one optical means for guiding the 
diffused light to the objective illumination region; 

movable means for driving the optical means 
so as to be rotatable around the center of the 
circumference serving as a rotation center; and 

lighting control means for controlling a 
light-emitting timing of the plurality of illuminants, 
wherein 

the movable means and the lighting control 
means operate together such that the quantity of light 
per unit time of the diffused light guided to the 
objective illumination region is within a predetermined 
range ; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
a projection lens for projecting an image formed 



at the display device on a screen. 

According to a twelfth aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illumination apparatus for illuminating an 
objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having light- 
emitting surfaces radiating diffused light; 

an illuminant substrate in which the 
illuminants are disposed so as to be set in array on 
the circumference; 

at least one optical means for guiding the 
diffused light to the objective illumination region; 

movable means for driving the plurality of 
optical means so as to be rotatable around the center 
of the circumference serving as a rotation center; and 

lighting control means for controlling a 
light-emitting timing of the plurality of illuminants, 
wherein 

the movable means and the lighting control 
means operate together such that an area of the 
light-emitting surface emitting the diffused light for 
the light guided to the illumination region is within 
a predetermined range in variations in time; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
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a projection lens for projecting an image formed 
at the display device on a screen. 

According to a thirteenth aspect of the present 
invention, there is provided an image projection 
apparatus comprising: 

an illumination apparatus for illuminating an 
objective illumination region, the illumination 
apparatus including: 

a plurality of illuminants having light- 
emitting surfaces radiating diffused light; 

an illuminant substrate in which the 
illuminants are disposed so as to be set in array on 
the circumference; 

a plurality of optical means which each have 
incident end surfaces and outgoing end surfaces, and 
which are for radiating the diffused light incident 
from the incident end surfaces and guiding the diffused 
light to the objective illumination region; 

movable means for driving the optical means 
so as to be rotatable around the center of the 
circumference serving as a rotation center; and 

lighting control means for controlling a 
light-emitting timing of the plurality of illuminants, 
wherein 

the respective outgoing end surfaces of the 
plurality of optical means are in rotation symmetrical 
relationship with respect to the center of the 
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circumference; 

a display device disposed at an objective 
irradiation region of the illumination apparatus; and 
a projection lens for projecting an image formed 
at the display device on a screen. 

Advantages of the invention will be set forth in 
the description which follows, and in part will be 
obvious from the description, or may be learned by 
practice of the invention. Advantages of the invention 
may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed 
out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention, and together 
with the general description given above and the 
detailed description of the embodiments given below, 
serve to explain the principles of the invention. 

FIG. 1 is a diagram showing a structure of an 
illumination apparatus according to a first embodiment 
of the present invention; 

FIG. 2 is a block diagram showing an electrical 
structure of the illumination apparatus according to 
the first embodiment; 

FIG. 3 is a diagram showing an example of a 
structure of a light guiding plate; 



FIG. 4 is a diagram showing a structure of a 
modified example of the illumination apparatus 
according to the first embodiment; 

FIG. 5 is a diagram showing a structure of another 
modified example of the illumination apparatus 
according to the first embodiment; 

FIG. 6 is a diagram showing a structure of an 
image projection apparatus using the illumination 
apparatus according to the first embodiment of the 
present invention; 

FIG. 7 is a diagram showing front views as seen in 
the direction of the arrows, for explanation of 
luminous flux shapes taken along AA' line, BB' line, 
and CC line of the image projection apparatus of 
FIG. 6; 

FIG. 8 is a diagram showing a structure of an 
optical system in a conventional illumination apparatus 
(conventional model) ; 

FIG. 9 is a diagram showing a structure of an 
illumination apparatus (model A), which is a light 
quantity prior type, according to a second embodiment 
of the present invention; 

FIG. 10 is a diagram showing a structure of an 
illumination apparatus (model B) , which is an 
efficiency for light utilization prior type, according 
to the second embodiment; 

FIG. 11 is a diagram showing a structure of an 
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illumination apparatus (model C) , which is an NA 
conversion efficiency prior type, according to the 
second embodiment; 

FIG. 12 is a diagram showing a structure of an 
illumination apparatus (model D) , which is a light 
quantity variation suppression and NA conversion 
efficiency prior type, according to the second 
embodiment ; 

FIG. 13 is a diagram showing a table in which 
evaluations of the characteristics of the conventional 
model, model A, model B, model C, and model D are 
compared with each other; 

FIG. 14 is a diagram showing transitions of the 
rotational positions of a parallel rod and LEDs made to 
emit light in the illumination apparatus, which carries 
out smoothing variations in quantity of light by merely 
the control for quantity of light of the LEDs, 
according to the first or second embodiment; 

FIG. 15 is a graph for explanation of a state of 
the variations in quantity of light in the illumination 
apparatus of FIG. 14, FIG. 16, and FIG. 17; 

FIG. 16 is a diagram showing transitions of the 
rotational positions of a parallel rod and LEDs made to 
emit light in an illumination apparatus, in which a 
take-in opening size of a parallel rod is greater than 
or equal to two of LEDs and less than three of LEDs, 
and two of the adjacent LEDs are simultaneously lit. 
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according to a third embodiment; 

FIG. 17 is a diagram showing transitions of the 
rotational positions of the parallel rod and the LEDs 
made to emit light in the illumination apparatus, in 
which a take-in opening size of the parallel rod is 
greater than or equal to three of the LEDs and two of 
the adjacent LEDs are simultaneously lit, according to 
a third embodiment; 

FIG. 18 is a diagram showing transitions of the 
rotational positions of the parallel rod and the LEDs 
made to emit light in another structural example of the 
illumination apparatus, in which a three-dimensional 
phase of the LED and the take-in opening of the 
parallel rod is shifted by a half of a pitch, according 
to the third embodiment, ; 

FIG. 19 is a graph for explanation of a state of 
suppressing variations in quantity of light in FIG. 18 
or FIG. 20; 

FIG. 2 0 is a diagram showing even another 
structural example of the illumination apparatus, in 
which a three-dimensional phase of the LED and the 
take-in opening of the parallel rod is shifted by a 
half of a pitch, according to the third embodiment; 

FIG. 21 is a diagram for explanation of an 
arranging relationship of a rod rotational diameter and 
the LEDS in the illumination apparatus according to the 
first through third embodiments; 
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FIG. 22 is a diagram showing a parallel rod end 
surface shape in an illumination apparatus according to 
a fourth embodiment of the present invention; 

FIG. 23 is a diagram showing a structure of an 
illumination apparatus according to a fifth embodiment 
of the present invention; 

FIG. 24 is a diagram showing a structure of an 
illumination apparatus according to a sixth embodiment 
of the present invention; 

FIG. 25 is a diagram showing a main portion 
structure in a modified example of the illumination 
apparatus according to the sixth embodiment; 

FIG. 2 6 is a diagram showing a main portion 
structure in another modified example of the 
illumination apparatus according to the sixth 
embodiment ; 

FIG. 27 is a diagram showing a structure in even 
other modified example of the illumination apparatus 
according to the sixth embodiment; 

FIG. 28 is a diagram showing a structure of an 
image projection apparatus using the illumination 
apparatus according to the sixth embodiment; 

FIG. 29 is a diagram showing a structure of an 
illumination apparatus according to a seventh 
embodiment of the present invention; 

FIG. 30 is a diagram showing a structure of an 
illumination apparatus according to an eighth 
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embodiment of the present invention; 

FIG. 31A is a diagram showing a structure of a 
modified example of the illumination apparatus 
according to the eighth embodiment; 

FIG. 31B is a diagram showing a structure of the 
modified example of the illumination apparatus 
according to the eighth embodiment; 

FIG. 32 is a diagram showing a structure of 
another modified example of the illumination apparatus 
according to the eighth embodiment; 

FIG. 33 is a diagram showing a structure of even 
other modified example of the illumination apparatus 
according to the eighth embodiment; 

FIG. 34 is a diagram showing a main portion of the 
modified example of the illumination apparatus of 
FIG. 33; 

FIG. 35 is a diagram showing a structure of a main 
portion of an illumination apparatus according to a 
ninth embodiment of the present invention; 

FIG. 36 is a diagram showing a main portion of a 
modified example of the illumination apparatus of 
FIG. 35; 

FIG. 37 is a diagram showing a main portion of 
another modified example of the illumination apparatus 
of FIG. 35; 

FIG. 38 is a diagram showing a structure of a main 
portion of an illumination apparatus according to 
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a tenth embodiment of the present invention; 

FIG. 39 is a diagram showing the details of a 
light guiding cap in FIG. 38; and 

FIG. 40 is a diagram seen from the direction of X 

of FIG. 38. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 
[First Embodiment] 

As shown in FIG. 1 and FIG. 2, in an illiimination 
apparatus according to the present embodiment, a light 
guiding rod member 11 serving as a square-shaped 
optical member formed from an L-shaped optical surface 
attached to a rod holder 10 serving as a rotatable 
holder is rotated by a rotating motor 12 serving as a 
driving section, and a plurality of LEDs 14 serving as 
illuminants arranged at the inner circumference of an 
illuminant substrate 13 formed in a drum shape are 
successively lit in accordance with rotation of the 
light guiding rod member 11. 

Note that the reason that the light guiding rod 
member 11 is made to be a square shape is that an 
efficiency is high in the case of being close to the 
shape because the LED 14 is a rectangule, and loss when 
the light guiding rod member 11 is bent in a L shape is 
suppressed to the minimum. Further, the material of 
the light guiding rod member 11 is a transparent glass 
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or resin with respect to the a wavelength range of an 
illumination luminous flux, and the light guiding rod 
member 11 is structured from an optical surface whose 
entire surface is processed so as to be a mirror 
surface in order to guide light by total reflection at 
the side surface from the standpoint of efficiency. 
Here, the L-shaped light guiding rod member 11 may be 
integrally manufactured, and as shown in FIG. 1, the 
L-shaped light guiding rod member 11 may be formed due 
to three parts of a prismatic parallel rod 15, a 
reflecting prism 16 in which a reflective coating is 
applied on a slope for refracting an optical path, and 
a tapered rod 17, being connected to one another. Note 
that, when the light guiding rod member 11 is formed by 
connecting the three parts, there is no need for the 
refractive indices of the respective members of the 
parallel rod 15, the reflecting prism 16, and the 
tapered rod 17, to be the same refractive index. Here, 
the case in which the refractive index of the 
reflecting prism 16 is higher than the refractive 
indices of the parallel rod 15 and the tapered rod 17 
is more preferable because the light leaked from the 
side surfaces of the members is little in the case. 
The reason for this is that a ray having an angle which 
is not reflected, but is permeated at the side surface 
of the parallel rod 15 or the tapered rod 17, among the 
ray which passed through the reflecting prism 16, can 



be reflected to the interior of the reflecting prism 16 
at the connecting surface between the parallel rod 15 
and the reflecting prism 16 or at the connecting 
surface between the tapered rod 17 and the reflecting 
prism 16, and as a result, the light leaked from the 
side surfaces of the members can be reduced. 

Note that, here, a predetermined number of the 
LEDs 14 having luminescent colors of red (R) , green 
(G) , and blue (B) are each made to be one set, and two 
of the sets are arranged at the inner circumference of 
the drum-shaped illuminant substrate 13. Note that, in 
FIG. 1, differences in the respective luminescent 
colors of the LEDs 14 are expressed by making the 
hatchings thereof different. Accordingly, portions 
shown by hatchings with respect to the LEDs do not show 
the cross-sections thereof (in the other drawings as 
well, the hatchings denoted to the LEDs are the same) . 

Further, in the illumination apparatus having such 
a structure, an unillustrated objective illumination 
region is illuminated by an outgoing end surface of the 
light guiding rod member 11 serving as a virtual light 
source. Further, in particular, in the present 
embodiment, in order to reduce unevenness in angles, a 
beam reshaping diffuser (hereinafter, referred to as 
LSD (LSD is the registered trademark in the USA) ) 18 
serving as a luminous flux shape transforming element 
is disposed at the following stage of the outgoing end 
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surface of the light guiding rod member 11. 

Further, as shown in FIG. 3, a light guiding plate 
19 and a plurality of microref lecting prisms 20 are 
disposed in the vicinity of the outgoing end of the 
5 light guiding rod member 11, for example, at the front 

surface of the LSD 18. In accordance with this 
structure, outgoing light from the light guiding rod 
member 11, i.e., the rays incident to the 
microreflecting prisms 20 among the incident rays 
10 incident to the light guiding plate 19 are partially 

reflected by the microreflecting prisms 20, and the 
remaining rays are emitted as outgoing light via the 
LSD 18. The reflected light by the microreflecting 
prisms 20 is guided to a light quantity monitor 21 by 
15 the light guiding plate 19, and the quantity of light 

is detected by the light quantity monitor 21. 

Moreover, a rotation sensor 22 for detecting a 
rotational position of the rod holder 10 is disposed at 
a position in the vicinity of the side surface of the 
20 rode holder 10. As the rotation sensor 22, for 

example, a photo reflector is used, and a sensor which 
detects one rotation of the rod holder 10 by detecting 
of the light reflected by the reflector stuck on the 
side surface of the rod holder 10 can be used. A 
25 rotational position detecting signal by the rotation 

sensor 22 is input to a motor driving control circuit 
23 and an light-emitting timing control circuit 24. 



Here, the motor driving control circuit 23 
controls the rotating motor 12, and structures a 
movable section driving the light guiding rod member 11 
so as to be rotatable, along with the rotating motor 
12. Namely, when an operation start signal is input 
from an operation instructing section 25 in accordance 
with a button operation by the user or the like, the 
motor driving control circuit 23 makes rotation of the 
rotating motor 12 start, and drives and controls such 
that the rotating motor 12 rotates at a constant speed 
in accordance with the rotational position detected 
result of the rod holder 10 by the rotation sensor 22. 

Further, the light-emitting timing control circuit 
24 structures a lighting control section controlling a 
light-emitting timing of the plurality of LEDs 14, 
along with the light quantity monitor 21, the rotation 
sensor 22, and an LED driving control circuit 2 6 to 
which a light quantity detected result by the light 
quantity monitor 21 is input. Note that the LED 
driving control circuit 2 6 is formed from a driving LED 
selecting circuit 27 and an LED driving current control 
circuit 28. Namely, the light-emitting timing control 
circuit 24 generates a timing signal on the basis of 
detection of the rotational position of the rod holder 
10 by the rotation sensor 22, and inputs the timing 
signal to the driving LED selecting circuit 27 of the 
LED driving control circuit 26. The driving LED 
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selecting circuit 27 controls such that the LEDs 14 
which are positioned at the incident surface of the 
light guiding rod member 11, i.e., at the incident 
surface position of the parallel rod 15, are 
successively lit by selectively providing a driving 
control signal to respective LED driving circuits 29 
for driving the respective LEDs 14 mounted on the 
illuminant substrate 13 in accordance with the input 
timing signal. A driving current of the LED 14 by the 
LED driving circuit 29 at this time is controlled, by 
the LED driving current control circuit 28 of the LED 
driving control circuit 2 6, such that an quantity of 
emitted light of the LED 14 is made optimum in 
accordance with an increase or a decrease in the 
quantity of outgoing light detected by the light 
quantity monitor 21. 

Note that a radiating plate 30 is provided at the 
outer circumference of the drum shaped illuminant 
substrate 13, and by radiating heat generated in 
accordance with light-emitting of the LED 14, 
variations in the characteristic of the LED 14 due to 
heat are prevented, and even if the illumination 
apparatus is continuously operated, stable illumination 
is obtained. 

In this way, due to the plurality of LEDs 14 being 
pulse-emitted while being successively switched, and 
due to the relative positional relationship with the 
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light guiding rod member 11 taking in radiated light 
being displaced while selecting an LED 14 in accordance 
with switching of light-emitting of the LEDs 14, a 
color of light which is emitted is switched in order of 
red (R), blue (B) , green (G) , red (R) , blue (B) , and 
green (G) , in a process in which the light guiding rod 
member 11 rotates once, and three colors of high- 
intensity LEDs are effectively obtained, and a large 
quantity of three color lights in which the 
parallelisms thereof are improved are obtained from the 
outgoing end surface of the light guiding rod member 
11. Note that the order of the luminescent colors is 
not limited to the above order, and may be 
appropriately set. 

Note that, in this structure, the relative 
positional displacement of the LED 14 and the light 
guiding rod member 11 is carried out by making the 
light guiding rod member 11 rotate. However, the 
relative positional displacement of the LED 14 and the 
light guiding rod member 11 can also be achieved by 
moving the LEDs 14. However, from the standpoint of 
feeding power to the LED 14, moving the light guiding 
rod member 11 is preferable. In this case, for 
example, because unevenness in a light-intensity 
distribution in the outgoing end surface of the light 
guiding rod member 11 is little if the light guiding 
rod member 11 has a certain measure of length, the 
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outgoing end surface can be considered as a virtual 
rectangular top surface light source in which the 
uniformity coefficient thereof is high. Therefore, a 
critical illumination may be carried out in which an 
illumination is carried out due to the objective 
illumination region and the outgoing end surface of the 
light guiding rod member 11 being made to be a 
conjugate relationship. However, when there are the 
plurality of light guiding rod members 11 as in the 
present structure, because the illumination is carried 
out such that the periphery portions of the outgoing 
end surfaces of the respective light guiding rod 
members 11 are projected on the objective illumination 
region, unevenness arises. In a practical sense, 
because the light guiding rod members 11 rotate, the 
illumination region is a circular, and the peripheral 
portion cannot be recognized as seen in some cases of a 
rotational speed. However, in a given moment, the 
peripheral portion of the rod outgoing end surface has 
illumination unevenness, and at times, the illumination 
unevenness is displaced moment by moment within the 
region. Therefore, when an attempt is made to 
structure an image projection apparatus due to a 
display device being disposed at the objective 
illumination region, the critical illumination cannot 
be applied to a display device which carries out 
gradation expression by time sharing. In contrast, in 
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the case of the Koehler illumination in which an 
angular strength distribution of the luminous flux 
emitted from the light guiding rod member 11 is 
converted into a positional strength distribution at 
the objective illumination region, when the light 
guiding rod member 11 is displaced, because the angular 
strength distribution of the luminous flux emitted from 
the light guiding rod member 11 does not vary, an 
illumination apparatus in which unevenness in 
illumination at the objective illumination region is 
little can be achieved. 

In the structure shown in FIG. 1, the radiating 
plate 30 is provided at a radiating section radiating 
heat which the plurality of LEDs 14 generate. As shown 
in FIG. 4, a radiating fan 31 serving as a radiating 
exhaust member for exhausting air contacting with the 
radiating section may be further provided. Here, the 
radiating fan 31 is structured due to a plurality of 
fins 33 being attached at a predetermined interval, so 
as to have an angle in which a direction of the 
radiating exhaust is directed toward the rotating motor 
12 side, on the peripheral surface of a fin attaching 
member 32 connected to the shaft of the rotating motor 
12 for rotating the light guiding rod member 11, i.e., 
the rod holder 10. Accordingly, at the same time when 
the light guiding rod member 11 is rotated by the 
rotating motor 12, the radiating fan 31 rotates, and it 



- 34 - 



is possible to exhaust the air contacting with the 
radiating section. In this way, in accordance with the 
present modified example, because the rotating motor 12 
for making the light guiding rod member 11 be rotatable 
and a motor of the radiating fan 31 for carrying out 
radiating of the LED 14 are the same, two functions can 
be realized by a single driving force source. Namely, 
because the driving force source is effectively used, 
it is possible to reduce a working space, and to 
effectively use electric power. 

Further, another modified example of the 
illumination apparatus according to the first 
embodiment shown in FIG. 5 is an example in which a 
shielding cover 34, for preventing diffused light by 
the LED 14 which is not incident to the light guiding 
rod member 11 from leaking out of the illumination 
apparatus is provided. In accordance with such a 
structure, among the light generated by the LED 14, 
unnecessary light which does not contribute for 
illumination and makes a desired characteristic as 
illumination light deteriorate can be effectively 
reduced or eliminated. Namely, an illumination 
apparatus which can obtain merely effective 
illumination light can be realized. 

Further, in this case, moreover, as shown in the 
same drawing, a light absorption layer 35 is more 
preferably applied to the surfaces of the rod holder 10 
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on which the diffused light which is not incident to 
the light guiding rod member 11 is illuminated. By 
applying the light absorption layer 35, among the light 
generated by the LED 14, diffused light which does not 
contribute for illumination and which is unnecessary 
can be effectively reduced or eliminated. Namely, an 
illiimination apparatus which can obtain merely 
effective illumination light can be realized. 

Various applications can be considered for the 
illumination apparatus according to the first 
embodiment of the present invention as described with 
reference to the above FIG. 1 thorough FIG. 5, and one 
of the applications is for an image projection 
apparatus . 

As shown in FIG. 6, the image projection apparatus 
has a superposition lens 36, a display device 37, and a 
projection lens 38, in addition to the illumination 
apparatus having the structure shown in FIG. 1, FIG. 4 
or FIG. 5. Namely, the light from the outgoing end 
surface of the light guiding rod member 11 of the 
illumination apparatus is condensed on the transmission 
type display device 37 disposed at the objective 
irradiation region by the superposition lens 36, and an 
image formed at the display device 37 is projected on a 
screen 39 by the projection lens 38. 

In this case, the light guiding rod member 11 is 
disposed such that the outgoing end surface of the 
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light guiding rod member 11 is positioned at the front 
side focal point position of the superposition lens 36. 
In accordance therewith, an optical pupil is formed in 
the vicinity of the focal point position of the 
superposition lens 36. Therefore, provided that the 
display device 37 is disposed at the pupil position, 
the image side telecentric system Koehler illumination 
with the outgoing end surface of the light guiding rod 
member 11 serving as a virtual light source is 
achieved. Namely, due to the light guiding rod member 
11 condensing the emitted light from a micro-surface 
light source such as the LED 14 and the superposition 
lens 3 6 forming a predetermined sized pupil from the 
outgoing light from the light guiding rod member 11 
being provided, an illumination system having a short 
optical length can be achieved with a relatively simple 
structure. Further, the radiation angle characteristic 
of the LED 14 draws a relatively gentle curve, because 
the radiation angle characteristic is converted into 
unevenness in intensity on the pupil with respect to 
the pupil due to the pupil being formed by the 
superposition lens 36, provided that the pupil is the 
objective irradiation region, the illumination 
apparatus in which unevenness in illumination is little 
and which can carry out uniform illumination can be 
achieved. 

Further, as described above, unevenness in angles 
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can be reduced due to the LSD 18 being disposed at the 
following stage of the light guiding rod member 11. 
However, when the Koehler illumination is carried out, 
provided that the characteristic of the LSD 18 is 
contrived, an attempt can be made to improve 
efficiency. Namely, as shown as a front view as seen 
in the direction of the arrows AA' line in FIG. 7, the 
emitted light from the tapered rod 17 of the light 
guiding rod member 11 is momentarily a rectangular 
shaped luminous flux as shown by the broken line. 
However, due to the high-speed rotation, the emitted 
light from the tapered rod 17 of the light guiding rod 
member 11 is visually a circular luminous flux in which 
the apex angle of the rectangle inscribed thereat as 
shown as a rotational locus shape. In contrast, 
because the display device 37 generally has a 
rectangular light-receiving surface, when an attempt is 
made to illuminate the entire rectangular light- 
receiving surface, the light at the portion which is 
out of the rectangular region is wasted. Then, as 
shown as a front view as seen in the direction of the 
arrows BB' line in FIG. 7, even if the LSD 18 having 
a luminous flux shape transforming function in which 
a circular luminous flux is transformed into a 
rectangular luminous flux is used, a luminous flux 
having a substantially same shape as the light- 
receiving surface of the display device 37 can be 
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obtained in the same way as shown as a front view as 
seen in the direction of the arrows CC line, and 
efficiency of area utilization is further improved. 

Note that the details of the LSD 18 are 
disclosed in, for example, USP No. 5,365,354 and USP 
No. 5,534,386, and it is possible to control light 
distribution due to a surface relief technique in which 
a hologram pattern is processed onto a surface of a 
material such as resin or the like. For example, a 
beam reshaping diffuser which has been merchandised as 
a trade name of an LSD53 has been known. 

In this way, by disposing the LSD 18 at the 
outgoing end surface of the light guiding rod member 
11, due to a pupil shape being made similar to, not a 
round shape, but a desired shape, an attempt can be 
made to improve the efficiency. 
[Second Embodiment] 

As described above, various applications can be 
considered for the illumination apparatus described in 
the first embodiment, and it can be considered that the 
structure is appropriately changed in accordance with 
an application to which the illumination apparatus is 
applied. 

Before the detail of the structural change is 
described, a conventional illumination apparatus will 
be described in order to compare therewith. As shown 
in FIG. 8, the conventional illumination apparatus 
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(hereinafter, referred to as a conventional model) is 
structured such that a large number of LEDs 14 are 
fixedly arranged therein, and take-in lenses 40 
corresponding to the individual LEDs 14 and the 
superposing lens 36 superposing light emitted therefrom 
are provided, and an objective illumination region is 
illuminated by condensing the light from the large 
number of LEDs 14 which were simultaneously lit by the 
take-in lenses 40 and the superposing lens 36. 
Accordingly, with respect to the light generated by the 
LED 14 which is farthest away from the optical path 
center of the superposing lens 36, an outgoing angle Go 
of the superposing lens 36 must be by necessity 
extremely larger than an incident angle 91 to the take- 
in lens 40, and the light which is within an incident 
angle within a predetermined range at the objective 
illiimination region is small, and the efficiency for 
light utilization and the luminous flux angle (NA) 
conversion efficiency are poor. Therefore, the 
quantity of taken-in light is extremely small for the 
number of lightings. However, because the LED itself 
does not move, but is fixedly disposed, a good state of 
variations in quantity of light can be obtained. 

In contrast, FIG. 9 is a diagram showing a 
structure of an illumination apparatus (hereinafter, 
referred to as a model A) when the quantity of light is 
given priority in order to apply the illiamination 
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apparatus to an application for which a large quantity 
of light is required. Namely, in this case, a 
predetermined number of the LEDs 14 having luminescent 
colors of red (R) , green (G) , and blue (B) are each 
made in unit of one set, and four of the sets are made 
in one line, and two lines (A line, B line) are set in 
array at the inner circumference of the drum shaped 
illuminant substrate 13. Here, an LED 14A of A line 
and an LED 14B of B line are in the same arranging 
order of the luminescent colors. However, the LED 14A 
and the LED 14B are arranged so as to be offset by 1/8 
of a circle. Further, four of the light guiding rod 
members 11 of A series for guiding the light from the 
LED 14A of A line and four of the light guiding rod 
members 11 of B series for guiding the light from the 
LED 14B of B line, i.e., a total of eight light guiding 
rod members 11, are attached to the rod holder 10 such 
that the eight of the members of A series and B series 
are alternated. In this case, because the respective 
light guiding rod members 11 have the same 
specifications, incident surfaces Si of parallel rods 
15A1 through 15A4 of the A series light guiding rod 
members 11 and incident surfaces Si of parallel rods 
15B1 through 15B4 of the B series light guiding rod 
members 11, and outgoing surfaces So of tapered rods 
17A1 through 17A4 of the A series light guiding rod 
members 11 and outgoing surfaces So of parallel rods 
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17B1 through 17B4 of the B series light guiding rod 
members 11, are attached so as to be shifted by the 
interval between the LED 14A and the LED 14B. Further, 
the incident surfaces Si of the parallel rods 15A1 
5 through 15A4, and 15B1 through 15B4 are the 

substantially same size as a size of the LED light- 
emitting surface. 

Note that it can be understood that the central 
diagram in FIG. 9 is typically shown in order to 
10 understand the arranging relationship of the respective 

light guiding rod members 11, and is not an accurate 
sectional view. Further, although not illustrated by 
denoting reference numerals in the drawing, it goes 
without saying that the parallel rods 15A1 through 15A4 
15 and the tapered rods 17A1 through 17A4 are respectively 

connected to one another via reflecting prisms 16A1 
through 16A4, and the parallel rods 15B1 through 15B4 
and the tapered rods 17B1 through 17B4 are respectively 
connected to one another via reflecting prisms 16B1 
20 through 16B4. 

In such a structure, in accordance with rotations 
of eight of the light guiding rod members 11, due to 
four of the respective LEDs 14A, 14B of A line and B 
line, i.e., a total of eight LEDs being simultaneously 
25 lit in order for the parallel rods 15A1 through 5A4 and 

15B1 through 15B4 to fetch light having the same 
luminescent color, a large quantity of light can be 
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obtained. Namely, in model A, a large number of the 
LEDs 14 are simultaneously lit, and quantity of taken- 
in light is made large. However, because the number of 
the light guiding rod members 11 is large, the area 
ratio of each incident surface Si and each outgoing 
surface So cannot be made large. Therefore, an 
outgoing angle Goa cannot be made small with respect to 
the incident angle Q±, and the NA conversion efficiency 
is poor. Further, because the incident surface Si is 
made to be the substantially same as the LED light- 
emitting surface, a large quantity of taken-in light 
for each parallel rod cannot be obtained, and because 
the number of simultaneous lighting is large, the 
quantity of light cannot be obtained for the total 
electric power supplied to the LEDs 14, and the 
efficiency for light utilization is poor. With respect 
to variations in the quantity of light, because the 
incident surface Si and the LED light-emitting surface 
are substantially the same, the variations in the 
quantity of taken-in light is large in accordance with 
the rotation of the light guiding rod member 11. 

Further, FIG. 10 is a diagram showing a structure 
of an illumination apparatus (hereinafter, referred to 
as a model B) when the efficiency for light utilization 
is given priority. Namely, in this model B, the LEDs 
14 are structured such that a predetermined number of 
the LEDs 14 having liaminescent colors of red (R) , green 
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(G) , and blue (B) are each made to be one set, and four 
of the sets are set in array at the inner circumference 
of the drum shaped illuminant substrate 13. Further, 
four of the light guiding rod members 11 are attached 
to the rod holder 10. In this case, the incident 
surfaces Si of the parallel rods 15 of the respective 
light guiding rod members 11 have the substantially 
same size as that of the LED light-emitting surface. 
In such a structure, in accordance with rotations of 
four of the light guiding rod members 11, the four LEDs 
14 are almost lit in order for the parallel rods 15 of 
the respective light guiding rod members 11 to fetch 
the light of the same luminescent color. In model B, 
because a number of simultaneous lighting of the LEDs 
is set to a number which is a half number of that of 
model A, and the incident surface Si is made to be 
simultaneously the same as the LED light-emitting 
surface, the quantity of taken-in light of the 
individual light guiding rod members 11 cannot be as 
great as that in above-described model A. However, an 
area ratio of the incident surface Si and the outgoing 
surface So can be set so as to be larger than that of 
model A, and an outgoing angle Gob with respect to 
the incident angle 0i can be made larger than that of 
model A. Therefore, the efficiency for light 
utilization and the NA conversion efficiency thereof 
are better than those of model A. Further, although 
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each light guiding rod member 11 is the same as that of 
model A, because the number of simultaneous lighting of 
the LEDs is less than that of model A, the variation in 
light quantity is superior to that of model A. 

In contrast, FIG. 11 is a diagram showing a 
structure of an illumination apparatus (hereinafter, 
referred to as a model C) when the NA conversion 
efficiency is given priority. Namely, in this model C, 
with an arrangement of the LEDs 14 which is the same as 
that of model B, two of the light guiding rod 
members 11 are provided, and two of the LEDs 14 are 
simultaneously lit in order for the parallel rods 15 of 
the respective light guiding rod members 11 to fetch 
light of the same luminescent color in accordance with 
the rotation of the light guiding rod members 11. In 
model C, because an area ratio of the incident surface 
Si and the outgoing surface So can be made larger than 
those of model A and model B, and the outgoing angle 
eoc can be made small with respect to the incident 
angle Gi, the NA conversion efficiency is superior. 
However, because the number of simultaneous lightings 
thereof is the least among the three models, the 
quantity of taken-in light, the efficiency for light 
utilization, and the suppression effect for variation 
in quantity of light cannot be markedly expected. 

Further, FIG. 12 is a diagram showing a structure 
of an illumination apparatus (hereinafter, referred to 
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as a model D) when the light quantity variation control 
and the NA conversion efficiency are given priority. 
Namely, in this model D, in the structure which is the 
same as that of model C, the incident surface Si of the 
light guiding rod member 11 is structured so as to be a 
rectangular shape having the long sides in the 
direction of the arrangement of the LEDs 14 set in 
array on the illuminant substrate 13 and so as to be a 
size which can fetch two of the LEDs, and two LEDs 14 
each (i.e., a total of four LEDs 14) are simultaneously 
lit in order for the parallel rods 15 of the respective 
light guiding rod members 11 to fetch light of the same 
luminescent color in accordance with the rotations of 
the light guiding rod members 11. Note that, in this 
case, the outgoing surface So of the light guiding rod 
member 11 is a rectangular shape in which the lengths 
of the respective sides of the corresponding incident 
surface Si are made long, i.e., a rectangular shape in 
which the sides facing the center of the circle of the 
ill\aminant substrate 13 are the longer sides. In model 
D, because the number of the simultaneous lighting of 
the LEDs 14 is the same number as that of model B, a 
relatively large quantity of light can be obtained, and 
because the incident surface Si is structured so as to 
be able to fetch two of the LEDs due to two of the 
adjacent LEDs being simultaneously lit, the efficiency 
for light utilization is the highest, and because 



an area ratio of the incident surface Si and the 
outgoing surface So can be made large, and the outgoing 
angle Goc can be made small with respect to the 
incident angle 0i, the NA conversion efficiency thereof 
is superior. The suppression for the variations in 
quantity of light is the second superiority after the 
conventional model in which the LED 14 is not made 
rotatable . 

FIG. 13 shows a table in which evaluations of the 
characteristics of the conventional model, model A, 
model B, model C, and model D which were shown in 
FIG. 8 through FIG. 12 are compared with each other. 
In this case, items for evaluation are an absolute 
quantity of taken-in light, the efficiency for 
utilization of light emitted with respect to electric 
power supplied to the LEDs 14, the NA conversion 
efficiency of the light guiding rod member 11, and the 
suppression effect for variation in quantity of light 
of the taken-in light, and the respective models are 
relatively compared in order from the better 
characteristic in the items for evaluation. Namely, 
the absolute quantity of taken-in light is the best in 
model A, and worsens in the order of model D, model B, 
model C, and the conventional model. The efficiency 
for utilization of light emitted with respect to 
electric power supplied to the LEDs 14 is the best in 
model D, and worsens in the order of model C, model B, 



model A, and the conventional model. The NA conversion 
efficiency of the light guiding rod member 11 is the 
best in model C, and worsens in the order of model D, 
model B, model C, and the conventional model. Further, 
the suppression effect for variation in quantity of 
light of the taken-in light is the best in the 
conventional model, and worsens in the order of model 
D, model C, model B, and model A. Accordingly, in 
consideration of all of the items for evaluation, it 
can be said that model D has the structure which is the 
best in terms of balance. 

Note that, in the above-described models A, B, and 
C, the light-emitting surface of the LED 14 
contributing for taken-in light into the parallel rod 
15 varies moment by moment. However, a contribution 
area in a given moment of the light-emitting surface 
corresponds to "an area of an light-emitting surface 
emitting the diffused light according to the light 
introduced to the illumination region". 
[Third Embodiment] 

In the illumination apparatus having the structure 
as described in the above-described first and second 
embodiments, because the LEDs 14 are discretely 
arranged, and discretely repeat flashing and lighting- 
out, variations in quantity of light arise. This will 
be described with reference to FIG. 14. Note that 
FIG. 14 is a diagram in a case in which, given that 
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an arranging pitch of the LEDs 14 is p, and a width of 
the parallel rod 15 of the light guiding rod member 11 
is dy, the relationship of p < dy < 2p is established. 

Namely, as shown in FIG. 14, when the light 
guiding rod member 11 rotates from state Q to state (D, 
in state ®, the parallel rod 15 exactly faces a L2nd 
LED 14, and the L2nd LED 14 is being lit. Further, the 
rotation further proceeds, and when the light guiding 
rod member 11 rotates a half of a pitch {p/2) and is in 
state ®' , lighting is switched from the L2nd LED 14 to 
the L3rd LED 14. The L3rd LED 14 is being lit until 
immediately before state ® becomes state (D' through 
the state (D. Further, in the same way as the state 
®' , the L4th LED 14 is continuously being lit after 
being in state (B) after the L3rd LED 14 is switched to 
the L4th LED 14 in state ®' ■ When the parallel rod 15 
and the LED 14 exactly face one another as in the 
states ®, (D, and (3), the light from the LED 14 can be 
taken in at the maximum, and when an emitting LED 14 is 
switched as in states (D' and (D' , the quantity of 
taken-in light is approximately half of the maximum. 
Namely, the quantity of taken-in light at the time of 
states ®, ©, and (D is expressed by "1", it can be 
understood that the quantity of taken-in light largely 
varies as shown by the alternate long and short dash 
line in FIG. 15. 

In order to smooth such variations in quantity of 
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light, in the illumination apparatus according to the 
present embodiment, as shown in FIG. 16, the width dy 
of the parallel rod 15 of the light guiding rod member 
11 is structured so as to establish the relationship 
which is 2p < dy < 3p, i.e., such that the size of the 
incident surface Si is made to be a size which can 
fetch two of the LEDs, and two of the adjacent LEDs 14 
are lit. Namely, in state ®' in which the parallel 
rod 15 is positioned at a position shifted by a half of 
a pitch from the LED 14, the parallel rod 15 faces two 
of the L2nd LED 14 and the L3rd LED 14, and these L2nd 
and L3rd LEDs 14 are being lit. Further, when the 
parallel rod 15 rotates a half of a pitch (p/2) and is 
in a state (D due to the rotation further proceeding, 
the lighting of the LEDs 14 is controlled such that the 
lighting is switched from the L2nd LED 14 to the L4th 
LED 14. In accordance with such a structure and such a 
control, variations in quantity of light can be 
suppressed as shown by the broken line in FIG. 15. 

Further, as shown in FIG. 17, the width dy of the 
parallel rod 15 of the light guiding rod member 11 may 
be structured so as to establish the relationship which 
is 3p < dy, i.e., the size of the incident surface Si 
may be structured so as to be a size which can fetch 
three of the LEDs, and two of the adjacent LEDs 14 may 
be lit. Namely, in state ® in which the parallel rod 
15 is positioned at a position shifted by a half of a 
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pitch from the LED 14, the parallel rod 15 faces three 
of the List, L2nd, and L3rd LEDs 14, and the lighting 
is switched from the List LED 14 to the L3rd LED 14, 
and the L2nd LED 14 and the L3rd LED 14 are being lit. 
Further, the rotation further proceeds, and when the 
parallel rod 15 rotates one pitch and is in state (D, 
the parallel rod 15 faces three of the L2nd, L3rd LED 
14, and L4th LEDs 14, and the lighting is switched from 
the L2nd LED 14 to the L4th LED 14, and the lighting of 
the LEDs 14 is controlled such that the L3rd and L4th 
LEDs 14 are lit. In accordance with the structure and 
the control, because a state can be made in which two 
of the emitting LEDs 14 are made to always face the 
incident surface Si of the parallel rod 15, and light 
is made to incident, as shown by the solid line in 
FIG. 15, variations in quantity of light can be further 
suppressed. 

FIG. 18 is a diagram showing another structural 
example for suppressing variations in quantity of 
light. In an illumination apparatus in this case, an 
odd number of LEDs 14 are arranged on the illuminant 
substrate 13, and two of the light guiding rod members 
11 are made to be one set, and at least one set is 
provided, and the parallel rods of the light guiding 
rod members 11 of each set, for example, the parallel 
rods 15A and 15B are attached to the rod holder 10 such 
that the LED diffused light emitted on a position on 
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the circumference which is point-symmetrical with 
respect to a rotation center C is guided to the 
objective illumination region. In such a structure, 
the arrangement of the LEDs 14 is not point- 
5 symmetrical, and the opposite LED is shifted by a half 

of a pitch. Accordingly, when the one parallel rod ISA 
is positioned at a position opposite to one LED 14, the 
other parallel rod 15B disposed so as to be point- 
symmetrical with respect to the one parallel rod 15A is 

10 shifted by a half of a pitch, and is in a state of 

being over two of the LEDs 14. Therefore, the parallel 
rod 15A in state I shown in FIG. 18 is in the same way 
as in state ® shown in FIG. 14, and the parallel rod 
15A in state II is in the same way as in state ®' , and 

15 the parallel rod 15A in state III is in the same way as 

in state (D, and the variations in quantity of light as 
shown by the broken line in FIG. 19 arise. In 
contrast, in the other parallel rod 15B, because the 
quantity of taken-in light is the quantity in a case in 

20 which the other parallel rod 15B is shifted by a half 

of a pitch from the parallel rod ISA, as shown by the 
alternate long and short dash line in FIG. 19, the 
phase of the quantity of taken-in light of the parallel 
rod 15B is shifted by a half of a pitch. However, the 

25 same variations in quantity of light arise. In this 

way, variations in quantity of light arise in the 
respective light guiding rod members 11. However, 
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illumination with respect to the objective illumination 
region is carried out due to the outgoing light from 
all of the light guiding rode members 11 being 
synthesized. Accordingly, the quantity of light in 
which the individual quantities of taken-in light are 
synthesized, is a total quantity of taken-in light as 
shown by the solid line in FIG. 19, and the variations 
in quantity of light is smoothed. 

Namely, two of the light guiding rod members 11 
for guiding illumination light are prepared so as to be 
point-symmetrical with respect to one another, and 
because an odd number of the LEDs 14 can be disposed 
such that an arranging pitch of the LEDs 14 is an 
approximately constant interval, the positional 
relationship between the LED 14 and the incident 
surface of the light guiding rod member 11 can be made 
so as to be a state of being shifted by a half of a 
pitch each other. In accordance therewith, because a 
total quantity of the light taken-in by the two light 
guiding rod members 11 is made to be in a substantially 
constant state, as a result, illumination light is 
provided such that variations in the illumination light 
is suppressed, and good illumination light can be 
obtained. 

Further, as shown in FIG. 20, it may be structured 
such that the number of the LEDs 14 arranged on the 
illuminant substrate 13 is made to be an even number. 
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and the parallel rods ISA and 15B of the light guiding 
rod members 11 of each set guide the diffused light 
emitted from the LED 14 which is positioned at the 
position point-symmetrical with respect to the rotation 
center, to the objective illumination region. Namely, 
two of the parallel rods are prepared according to the 
fact that the optical member guiding the illumination 
light is shifted half of a pitch of the LED 14 from the 
state of being point symmetrcal with respect to each 
other, and because an arranging pitch of the LEDs 14 is 
a substantially constant interval, and an even number 
of the LEDs 14 can be arranged, the light guiding rod 
member 11 can be made so as to be in a state in which 
the positional relationship between the LED and the 
incident surface of the light guiding rod member 11 is 
shifted by a half of a pitch. Therefore, because a 
total quantity of the light taken-in by the two light 
guiding rod members 11 can be made so as to be in a 
substantially constant state, as a result, illumination 
light is provided such that the variations therein is 
suppressed, and good illumination light can be 
obtained. 

However, in the structure shown in FIG. 20, the 
light guiding rod members 11 which are the rotatable 
members are not arranged so as to be point-symmetrical. 
Namely, because the rotational balance is lost, it is 
necessary to keep a weight balance in consideration of 
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the off-balance. 

[Fourth Embodiment] 

In the illumination apparatus described in the 
first through third embodiments, when the light guiding 
rod member 11 is rotated, in order for the corner of 
the parallel rod 15 to be not touched with the LED 14, 
as shown in FIG. 21, it is necessary for the light 
guiding rod member 11 to be attached to the rod holder 
10 such that the corner of the parallel rod 15 is moved 
a radius of gyration r2 having a predetermined interval 
Ar with respect to a radius of layout rl of the light- 
emitting surface of the LED 14. However, in the case 
of such a structure, a gap Al between the end surface 
of the parallel rod 15 and the LED 14 is made large, 
loss in the quantity of taken-in light is brought 
about . 

Therefore, in the present embodiment, as shown in 
FIG. 22, the end surface of the parallel rod 15 is 
formed in a curve shape so as to be adjusted to the 
curve of a radius of gyration r2 . In accordance with 
such a structure, because the incident surface of the 
parallel rod 15, i.e., the light guiding rod member 11 
can be close to the light-emitting surface of the LED 
14 (can be made to be Ar) , the quantity of taken-in 
light can be increased. 
[Fifth Embodiment] 

As shown in FIG. 23, an illumination apparatus 
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according to a fifth embodiment of the present 
invention uses light pipes 41 and reflecting mirrors 42 
as optical members for guiding diffused light from the 
LED 14 to the objective illumination region, in place 
of the light guiding rod member 11 as in the first 
through fourth embodiments. Namely, the light from the 
LED 14 is reflected and guided by the square-shaped 
light pipe 41 whose inner surface is processed so as to 
be a reflecting mirror surface, and a direction of the 
optical axis of the light is changed by the reflecting 
mirror 42, and the light from the plurality of light 
pipes 41 are guided so as to be arranged on the LED 18. 
In the present embodiment as well, from the standpoint 
of feeding power, the LED 14 is fixedly provided, the 
light pipe 41 and the reflecting mirror 42 which are 
the optical members rotate. Further, because of the 
Koehler illumination, if a relative position between 
the light source and the pipe end surface is displaced, 
there is no case in which the illumination region is 
displaced. 

Because the light pipe 41 does not carry out an NA 
conversion, but merely guides light, the light whose NA 
is large and which is shown by the broken line in the 
drawing arrives a position which is out of the display 
device 37 disposed at the objective ill\imination 
region. Therefore, the present embodiment is effective 
for a diffused (diffusion) illiaminant whose radiating 
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angle is relatively narrow. 

Note that, in the present embodiment, it may be 
structured such that a light guiding plate is disposed 
between the reflecting mirror 42 and the LSD 18, and 
some of the emitted light guided by the light guiding 
plate are monitored by a light quantity monitor, and a 
driving current of the LED 14 is feedback-controlled by 
the LED driving control circuit 26. 
[Sixth Embodiment] 

In the first through fourth embodiments, the 
parallel rod 15 of the light guiding rod member 11 is 
held in a state of being close to the light-emitting 
surface of the LED 14. In a six embodiment, as shown 
in FIG. 24, the parallel rod 15 is made short, and a 
parallel rod 43 is fixedly provided with respect to 
each LED 14 serving as a light guiding member for 
guiding the diffused light from the LED 14 to the 
incident surface which is the end surface of the 
shortened parallel rod 15. In this case, it is in the 
same way as in the first through fourth embodiments 
that the light guiding rod member 11 is formed due to 
the parallel rod 15, the reflecting prism 16, and the 
tapered rod 17 being integrally connected, and the 
light guiding rod member 11 is rotated at a high-speed 
while being held by the rod holder 10 connected to the 
rotating shaft 44 of the rotating motor 12. Therefore, 
in the illumination apparatus having such a structure. 
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the LED 14 corresponding to the position of the 
parallel rod 15 varying in accordance with the rotation 
emits light, and the diffused light from the LED 14 is 
guided by the parallel rod 4 3 provided at the LED 14, 
and is incident from the outgoing surface of the 
parallel rod 43 to the incident surface of the parallel 
rod 15 which is facing at this time, and is reflected 
at the reflecting prism 16, and is emitted from the 
outgoing surface of the tapered rod 17. 

In accordance with such a structure, because the 
parallel rod 43 guiding the LED diffused light to the 
light guiding rod member 11 is provided for each LED 
14, even if the arranging pitch of the LEDs 14 cannot 
be minutely insured, it is possible to make a state in 
which as if the light guided by the parallel rod 43 is 
emitted from the minutely arranged LEDs. Namely, the 
arranging interval of the LEDs 14 can be insured, and 
designing is made easy, and a minute arrangement of the 
LEDs 14 is realized, and a state of a shortage in 
quantity of light taken-in by the light guiding rod 
member 11 can be eliminated, and a stable illumination 
light can be obtained. 

Note that, as the light guiding member for guiding 
the diffused light from the LED 14 to the parallel rod 
15, as shown in FIG. 25 or FIG. 26, not the parallel 
rod 43 as described above, but a tapered rod 45 may be 
used. Here, in FIG. 25, the tapered rod 45 is fixedly 
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installed in a direction such that the taper thereof 
gradually becomes larger from the end portion at the 
LED 14 side toward the end portion at the parallel rod 
15 side. In this case, because an arranging pitch p of 
the LEDs 14 is Gb which is greater than or equal to 0a 
in the case of using the parallel rod 43, the arranging 
interval of the LEDs 14 can be further insured, and the 
designing can be made easier. Further, the tapered rod 
45 itself can be made to have the NA conversion effect. 
In contrast, in FIG. 26, the tapered rod 45 is fixedly 
installed in a direction such that the taper thereof 
gradually becomes smaller from the end portion at the 
LED 14 side toward the end portion at the parallel rod 
15 side. In this case, an arranging pitch p of the 
LEDs 14 is 0c which is less than or equal to 0a in the 
case of using the parallel rod 43, the outgoing 
surfaces of the tapered rods 45 can be minutely 
arranged. 

Further, in the structure of the illumination 
apparatus shown in FIG. 24, the reflecting prism 16 and 
the tapered rod 17 may be separated. Namely, as shown 
in FIG. 27, the parallel rod 15 and the reflecting 
prism 16 are integrally connected, and the parallel rod 
15 and the reflecting prism 16 rotate at a high-speed 
as shown by the arrow in the drawing while being held 
by the rod holder 10 connected to the rotating shaft 44 
of the rotating motor 12. Because description that the 
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light from the LED 14 is guided to the reflecting prism 
16 is the same as the description in FIG. 24, the 
description is omitted. The outgoing light from the 
reflecting prism 16 is incident as a circular incident 
illuminated shape to the incident opening of the 
tapered rod 17 which does not rotate and which is 
fixedly installed by an unillustrated holding 
mechanism. Here, the incident opening of the tapered 
rod 17 is made to be a rectangular shape of a size such 
that the incident illuminated shape is nearly inscribed 
to the incident opening. The light incident to the 
tapered rod 17 is emitted as the illumination light 
having a substantially rectangular shaped outgoing 
illuminated shape as shown in the drawing from the 
outgoing opening of the tapered rod 17 having a 
rectangular outgoing opening shape. In accordance 
therewith, because the shape of the illumination light 
can be obtained as the rectangle, thereafter, when the 
illumination light is incident to the display device 37 
having the rectangular light-receiving surface, the 
shapes thereof are consistent with one another. 
Therefore, the illumination light can be efficiently 
used without waste. 

FIG. 2 8 shows a structural example when an 
illumination apparatus 46 having such a structure is 
applied to an image projection apparatus. Namely, the 
light emitted from the illumination apparatus 4 6 is 
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reflected by a reflecting mirror 36' , and is incident 
to a DMD (trademark) 37' which is a reflection type 
display device and is modulated. Thereafter, the light 
is output as a projected light via a projection lens 
38. Note that the DMD 37' is a two-dimensional 
micromirror deflection array, and because the detail 
thereof is disclosed in Jpn. Pat. Appln. KOKAI 
Publication No. 11-32278 and USP No. 6,129,437, 
description thereof will be omitted. 

In this case, the outgoing light from the 
illumination apparatus 4 6 and the incident light at the 
light-receiving surface of the DMD 37' structure the 
critical illumination system by a reflecting mirror 36' 
having a curvature shape which is designed so as to 
establish an image-formation relationship. The light- 
receiving surface of the DMD 37' is a rectangular 
shape, and a rectangular-shaped outgoing shape from the 
illumination apparatus 46 is determined in accordance 
with an aspect ratio of the shape of the light- 
receiving surface of the DMD 37' . In accordance with 
the structure, because the illumination optical path is 
folded up, the apparatus can be made compact. Note 
that designing of the optical path is achieved such 
that the so-called off-light at the time of being not 
incident from the DMD 37' to the projection lens 38 due 
to the modulating operation of the DMD 37' is not 
incident to the reflecting mirror 36' and the outgoing 
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opening of the tapered rod 17 of the illumination 
apparatus 46. 

[Seventh Embodiment] 

In FIG. 9 through FIG. 12, it is assumed that 
there are the plurality of tapered rods 17. However, a 
structure of the present embodiment shown in FIG. 29 
shows a case in which a single tapered rod is provided. 
Namely, the point that the LED 14 and the parallel rod 
43 are each structured by being integrated is in the 
same way as in the structural example described in 
FIG. 27, and in the present embodiment as well, one 
light guiding member is formed due to the parallel rod 
15 and the reflecting prism 16 being connected to one 
another, and the light guiding member is structured as 
a set with the other similar light guiding member 
facing one another. These two light guiding members 
are joined together to form an integrated optical 
member in which the outgoing openings of the light 
guiding members are joined together and formed to be 
substantially the same surface area as that of the 
incident opening of the single tapered rod 17' which is 
the second optical member. Further, in this example, 
the integrated optical member rotates at a high-speed, 
and makes the LED 14, corresponding to the parallel rod 
43 which the incident opening of the parallel rod 15 
faces, emit, and fetches the light emitted from the 
outgoing opening of the parallel rod 43 at a good 
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timing by the parallel rod 15, and refracts the 
direction of the light by the reflecting prism 16, and 
guides the light to the tapered rod 17' serving as the 
second optical member. Namely, the light guided to the 
tapered rod 11' is light in which the light from two of 
the parallel rods 15 and two of the reflecting prisms 
16 facing each other are simultaneously synthesized. 

The incident opening of the tapered rod 17' in 
this example is a rectangular shape in which the 
outgoing opening of the reflecting prisms 16 are joined 
together. However, the shape of the outgoing opening 
of the tapered rod 17' is an odd-shaped tapered rod 
forming an octagon as shown in the drawing. In 
accordance with such a shape, because the locus shape 
of the outgoing opening and the outgoing opening shape 
of the rotatable tapered rod 17 in the other 
embodiments described above can be made to be the 
substantially same, illumination light having a 
substantially uniform light quantity distribution in 
the locus illuminated shape of the tapered rod outgoing 
opening obtained by rotation can be obtained. It goes 
without saying that the shape of the tapered rod 
outgoing opening is preferably a round shape around the 
rotating shaft. However, in consideration of the 
workability of the tapered rod, the shape of the 
tapered rod outgoing opening is made to be the octagon 
in this example. Because the structures and the 
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effects other than these are the same as in the 
aforementioned embodiments, description thereof will be 
described. 

Because the illiomination light which is a round 
shape and in which illumination unevenness is little 
and the uniformity is high can be obtained from the 
outgoing opening of the tapered rod 17', when the 
illumination light is applied to a projection display 
apparatus such as a projector, as a structure of an 
illumination optical system, the illumination optical 
system can be structured by, not the Kohler 
illumination method, but the critical illumination 
method. In the structures in FIG. 9 through FIG. 12, 
because the locus illiiminated shape is formed by the 
plurality of tapered rods 17, in the obtained 
illumination, there are cases in which, quantity of 
light at periphery falls short, and variations in 
quantity of light of the illumination light arise at 
the portion where the outgoing light cannot be obtained 
between the tapered rods. In this case, the Koehler 
illumination method solves these problems, and good 
illumination can be achieved. 

In the present embodiment, provided that an inner 
surface reflection type tubulous optical element (such 
as an integrator rod or a pipe tunnel) for transforming 
a shape such that the illumination light which is a 
round shape and in which the uniformity is high, from 
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the outgoing opening of the tapered rod 17', is 
immediately thereafter transformed from the round shape 
into a rectangular shape which is the same as that of 
the aspect of the display device 37 to which the 
projection display apparatus is applied, is used, it is 
possible to structure the illumination system guiding 
the circular illumination light to the incident surface 
of the display device 37 without waste. 
[Eighth Embodiment] 

Next, a modified example according to the 
radiation described in the first embodiment will be 
described as an eighth embodiment of the present 
invention. FIG. 30 is a diagram showing a structure of 
an illumination apparatus when the LED 14 is mounted at. 
the inner surface of a cylinder. In the illumination 
apparatus, in the same way as in the seventh 
embodiment, one light guiding member is formed due to 
the parallel rod 15 and the reflecting prism 16 being 
connected to each other, and the light guiding member 
is made to be a set with the other similar light 
guiding member facing each other, and these two light 
guiding members are joined together to form an 
integrated optical member in which the outgoing 
openings of the light guiding members are joined 
together and formed to be substantially the same 
surface area as that of the incident opening of the 
single tapered rod 17' which is the second optical 
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member. Further, such an optical member is attached to 
the rod holder 10 which is a rotatable holder, and is 
rotated by the rotating motor 12 serving as a driving 
section, and the plurality of the LEDs 14 serving as 
illuminants which are arranged at the internal 
circumference of an LED holding ring 13A formed so as 
to be a drum shape are successively lit in accordance 
with rotation of the light guiding rod member 11. 

The LED 14 is structured due to an LED light- 
emitting chip 14a being enclosed in an LED resin 
package 14b. In this case, the LED chip 14a is mounted 
on a copper LED cooling core 14c in the LED light- 
emitting resin package 14b, and as shown by the arrows 
extending from the lower side to the upper side in the 
illustration, heat generated in accordance with light- 
emitting of the LED light-emitting chip 14a is 
efficiently transmitted to the LED holding ring 13A 
side. Further, the radiating plate 30 is provided at 
the outer circumference of the LED holding ring 13A, 
and as shown by the arrow extending from the right side 
to the left side in the illustration, due to air being 
blown by an unillustrated air blowing mechanism, the 
heat propagated from the LED 14 is radiated. 

Note that the LED holding ring 13A is held between 
two of disc-like substrates 13B in which various 
control circuits and LED driving circuits are 
installed, and LED electrodes 14d are mounted at the 
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substrate 13B, and are soldered with an unillustrated 
wiring on the FPC 13C electrically connected to an 
unillustrated wiring on the substrate 13B. Further, as 
shown in FIG. 27, it goes without saying that the 
optical member may be structured such that the parallel 
rod 15 and the reflecting prism 16 are integrated, and 
the tapered rod 17 is separately provided. 

FIG. 31A and FIG. 3 IB are drawings showing a 
structure of the illumination apparatus when the LED 14 
is mounted on the disc. In the illumination apparatus, 
the optical member, in which the tapered rod 17 is 
commonly provided and an L-shaped optical surface is 
formed from two of the parallel rods 15 and two of the 
reflecting prisms 16, is attached to the rod holder 10 
which is a rotatable holder, and is rotated by the 
rotating motor 12 serving as a driving section, and the 
plurality of the LEDs 14 serving as illuminants which 
are arranged at the same circumference of the LED 
holding disc 13D are successively lit in accordance 
with the rotation of the light guiding rod member 11. 
Note that, in this case, a reflecting prism 16a 
receiving the light from the LED 14 and reflecting the 
light to the incident surface of the parallel rod 15 is 
provided at the incident side of the parallel rod 15. 
Further, the widths of the reflecting prisms 16, 16a, 
and the parallel rod 15 are a width which can receive 
the light from two of the LEDs adjacent one another. 



67 - 



However, it goes without saying that the widths are not 
limited thereto. 

The radiating plates 30 are each attached to the 
rear surfaces at the positions where the respective 
LEDs 14 of the LED holding disk 13D are mounted. 
Further, the radiating fan 31 is attached to the 
rotating shaft of the rotating motor 12. Here, the 
radiating fan 31 is structured due to a plurality of 
fins 33 being attached at a predetermined interval, so 
as to have an angle in which a direction of the 
radiating exhaust is directed toward the rotating motor 
12 side, on the peripheral surface of the rotating 
shaft of the rotating motor 12. Accordingly, at the 
same time when the optical member is rotated by the 
rotating motor 12, the radiating fan 31 rotates, and as 
shown by the arrow, it is possible to exhaust the air 
contacting with the radiating plate 30. Note that the 
LED holding disc 13D is held by being attached to the 
unit holder lOA, and the substrate 13B in which various 
control circuits and LED driving circuits are installed 
is attached to the LED holding disc 13D by the screws - 
Further, the LED electrode 14d is soldered with an 
unillustrated wiring on the substrate 13B. 

Further, FIG. 32 is a diagram showing a modified 
example of the illumination apparatus of FIG. 31A and 
FIG. 31B. This is the example in which the plurality 
of LEDs 14 serving as illuminants are arranged on the 
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two circumference on the LED holding disc 13D. In this 
case, a condensing cover 47 is used as a light guiding 
member for guiding diffused light to the parallel rod 
15 from two to the adjacent LEDs 14 which are one from 
each circumference which is adjacent to one another. 
The condensing cover 4 7 is structured so as to be 
separated from the optical member in order to be not 
rotated along with the optical member formed from the 
parallel rod 15, the reflecting prism 16, and the 
tapered rod 17, and is attached so as to cover the two 
LEDs 14. The condensing cover 47 is a hollow 
structure, and the inner surface thereof is mirror- 
coated, and the light from the two corresponding LEDs 
14 is efficiently reflected toward the incident surface 
of the parallel rod 15. 

FIG. 33 is a modification of the structure of 
FIG. 27 in the sixth embodiment. Namely, in FIG. 27, a 
rotating light guiding unit 48 in which the respective 
outgoing openings of two of the light guiding members 
in which the parallel rod 15 and the reflecting prism 
16 are each connected are joined together is 
structured, and an optical member is structured due to 
the joined outgoing opening and the incident opening of 
a single tapered rod 17' which is the second optical 
member being disposed so as to face one another. In 
contrast, in this modified example, due to a reflecting 
prism 16B whose reflecting surface is mirror-coated 
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being disposed between the joined outgoing opening of 
the rotating light guiding unit 48 and the incident 
opening of the tapered rod 17', an optical path is 
refracted. In this case, it is structured such that 
the only rotating light guiding unit 48 rotates. 

Note that, as shown in FIG. 34, it goes without 
saying that a light pipe 50 in which the inner surface 
thereof is mirror-coated may be disposed so as to be 
inserted between the joined outgoing opening of the 
rotating light guiding unit 48 and the tapered rod 17' 
in place of the reflecting prism 16B. 

Further, in the illumination apparatus of FIG. 33, 
the radiating fan 31 which is a radiation exhaust 
member rotated along with the rotating light guiding 
unit 48 by the rotating motor 12 is formed from cage- 
shaped fins 33 attached to the rotating shaft of the 
rotating motor 12, and is structured as a centrifugal 
fan, i.e., a scirocco fan, in which a direction of 
radiation exhaust is directed toward the side opposite 
to the rotating motor 12 (circumferential direction) . 
Further, in this case, the radiating fan 31 is 
accommodated in a base 49 in which an air flow-path 
toward merely one direction is formed. In accordance 
with such a structure, a radiating effect is improved 
due to large gas quantity being provided, and making 
the apparatus silent is possible. 



[Ninth Embodiment] 

Next, a modified example of the light-emitting 
unit 51, which has the parallel rod 43 or the tapered 
rod 45 and which serves as the light guiding member for 
guiding diffused light from the LED 14 to the incident 
surface which is the end surface of the parallel rod 15 
of the rotating light guiding unit 48 as in the sixth 
through eighth embodiments, will be described as a 
ninth embodiment of the present invention. Namely, 
FIG. 35 is a diagram showing one portion of the 
rotating light guiding unit 48 and the light-emitting 
unit 51 according to one LED 14. The LED 14 is 
structured due to a dome lens 14e being disposed at the 
front surface of the LED resin package 14b in which the 
LED light-emitting chip 14a is enclosed. In the 
structure shown in the drawing, in the light-emitting 
unit 51, an inner surface reflecting pipe 51A 
surrounding the dome lens 14e is disposed at the front 
surface of the LED resin package 14b, and a tapered rod 
45 is disposed at the front surface thereof. The 
tapered rod 45 is fixedly installed in a direction in 
which the taper thereof gradually becomes larger from 
the end portion at the LED 14 side toward the end 
portion at the rotating light guiding unit 48 side. 
Accordingly, the ray generated from the LED light- 
emitting chip 14a in the LED resin package 14b is 
converted such that an NA thereof is made small while 



total reflections are repeated at the inner surface of 
the tapered rod 45, and is emitted. Note that it goes 
without saying that not only a dense optical element 
satisfying the conditions for total reflection such as 
the tapered rod 45, but also a hollow pipe shaped 
optical element whose inner surface is reflection- 
coated may be used. 

Further, in the rotating light guiding unit 48, a 
tapered rod 48A is structured at the incident end side 
of the parallel rod 15. The tapered rod 48A is 
provided in a direction in which the taper thereof 
gradually becomes smaller from the end portion at the 
outgoing surface side of the tapered rod 45 toward the 
end portion at the tapered rod 15 side. Namely, the 
size and the shape of the incident surface are made to 
match with the size and the shape of the outgoing 
surface of the tapered rod 45 of the light-emitting 
unit 51, and the size and the shape of the outgoing 
surface thereof are made to match with the size and the 
shape of the incident surface of the parallel rod 15. 

In such a structure, there is a function which 
attenuates a phenomenon that the ray retrogresses to 
the incident side in the tapered rod inversely provided 
(inverted tapered rod) 48A to which the light is guided 
at the next step due to the ray from the LED light- 
emitting chip 14a being once transformed into the ray 
whose NA is small by the tapered rod 45, and there is 
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the effect that many of the components of the ray 
incident in the inverted tapered rod 48A are emitted. 

FIG. 3 6 is a diagram showing a modified example of 
the structure of FIG. 35. In the modified example, the 
tapered rod 45 is fixedly disposed in a direction in 
which the taper thereof gradually becomes smaller from 
the end portion at the LED 14 side toward the end 
portion at the parallel rod 15 side of the rotating 
light guiding unit 48. Further, in this case, a ray 
inclination converting section 51B is structured at the 
incident surface of the tapered rod 45. The ray 
inclination converting section 51B is structured from a 
microprism array formed from a plurality of triangular 
surfaces as shown in the drawing, and has an function 
converting an inclination so as to make an NA of the 
ray small. In such a structure as well, there is a 
function which attenuates a phenomenon that the ray 
retrogresses to the incident side in the tapered rod 45 
which is inversely disposed due to the ray from the LED 
light-emitting chip 14a being once transformed into the 
ray whose NA is small by the ray inclination converting 
section 51B, and there is an effect in which plenty of 
components of the ray incident in the inverted tapered 
rod 45 are emitted. Moreover, the tapered rod 48A of 
the rotating light guiding unit 48 as shown in FIG. 35 
can be eliminated, and an attempt can be made to make 
the apparatus compact . 
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FIG. 37 is a diagram showing the other modified 
example of the structure of FIG. 35. In this modified 
example, the same function is achieved by a plurality 
of lenses 51C in place of the tapered rods 45, 48A 
shown in FIG. 35. In this way, even if a plurality of 
lenses 51C are used as well, the same effect can be 
obtained. 

[Tenth Embodiment] 

Next, a structure of the LED which can be used as 
an illuminant of the illumination apparatus will be 
described as a tenth embodiment of the present 
invention. The structure shown in FIG. 38 corresponds 
to the structure of FIG. 36, and the portion 
corresponding to the fixed light-emitting unit 51 is 
structured from the LED 14 having a light guiding cap 
14f and the tapered rod which inversely disposed 
(inverted tapered rod) 45. Therefore, the ray 
generated from the LED light-emitting chip 14a in the 
LED resin package 14b is emitted as a ray whose NA is 
relatively small by the light guiding cap 14f, and is 
incident to the inverted tapered rod 45. 

As shown in FIG. 39, the light guiding cap 14 f is 
structured so as to cover the dome lens 14e in the 
general LED 14, and a plurality of odd-shaped prisms 
14fl having a curve shape at the exterior side are 
structured so as to be arranged in a concentric circle 
shape with respect to the dome lens 14e. Namely, the 
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odd-shaped prism 14fl is light guiding prism which 
functions as an NA converting section making an NA 
small and which is disposed in the vicinity of the LED 
light-emitting chip 14a in the positional relationship 
which is point-symmetrical with respect to the center 
of the LED 14. The odd-shaped prism 14fl has an 
incident surface 14fla to which the outgoing light from 
the LED light-emitting chip 14a is incident, a 
reflecting surface 14 fib at which light incident from 
the incident surface 14fla is reflected, and in which 
the light is guided in a predetermined direction in the 
odd-shaped prism 14fl, and an outgoing surface 14flc 
from which the light guided at the reflecting surface 
is emitted. Further, the respective odd-shaped prisms 
14fl are structured so as to generate air layers. 
Moreover, at the rear side of the reflecting surface 
14flb, i.e., at surfaces which face the other odd- 
shaped prisms 14 fl among the surfaces structuring the 
odd-shaped prism 14 fl and which are other than the 
incident surface 14fla, the reflecting surface 14flb, 
and the outgoing surface 14flc, as shown in the 
drawing, high-efficiency reflective coating 14f2 is 
applied to one portion thereof, and ray from any of 
region sandwiching the reflective coating 14f2 can be 
reflected to the same region. Accordingly, the ray at 
the exterior generated from the LED light-emitting chip 
14a is repeatedly total-reflected or regular-reflected 



at the inner surface by the odd-shaped prism 14fl, and 
is emitted to the front. Further, the ray at the 
interior from the LED light-emitting chip 14a is 
emitted to the front by refraction of the dome lens 14e 
or the regular reflection of the reflective coating 
14 f 2 at the dome lens side of the odd-shaped prism 
14fl. Note that the reflecting surface 14flb may be 
reflection-coated in order to exactly reflect light. 

In this way, the ray emitted from the light 
guiding cap 14f is incident to the incident surface of 
the inverted tapered rod 45 separated by a joining 
portion or an extremely narrow gap. Further, the 
luminous flux is squeezed by the tapered rod 45, and is 
incident to the rotating light guiding unit 48. This . 
function is the same as that described in FIG. 35 
through FIG. 37. 

FIG. 40 shows a diagram viewed from a direction of 
X in FIG. 38. The plurality of light-emitting units 51 
are arranged in a concentric radial pattern, and it is 
structured such that the light is incident to the 
rotating light guiding unit 48 which is rotating. 
Provided that a gap between the incident opening 
surface of the rotating light guiding unit 48 and the 
outgoing opening surface of the light-emitting unit 51 
is made small so as to be the limit to an extent in 
which they do not mechanically interfere with one 
another, it is preferable in the point that the ray is 
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guided without leakage. Therefore, in the drawing of 
FIG. 40, the respective opening shapes are processed so 
as to be concentric circles with respect to the 
rotation center of the rotating light guiding unit 48. 
5 Note that the odd-shaped prism 14 fl of the light 

guiding cap 14 f and the tapered rod 45 may be 
naturally, not only dense optical elements satisfying 
the conditions for total reflection, but also hollow 
pipe shapes whose inner surfaces are reflection-coated. 

10 Further, provided that the image projection 

apparatus in accordance with the illumination apparatus 
of the present invention is applied to the components 
on which an image is projected in a photographic 
exposure apparatus, a color copy apparatus, a color 

15 printer, a rewritable electric paper recording 

apparatus, or the like, color adjustment is easy, and 
the image projection apparatus can be effective image 
forming means . 

Additional advantages and modifications will 

20 readily occur to those skilled in the art. Therefore, 

the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 

25 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 



